Glucocorticoids (Gc) influence the differentiation of neural crestderived cells such as those composing sympathoadrenal tumors like pheochromocytomas, as well as neuroblastomas and gangliomas. In order to obtain further information on the effects of Gc on cells evolving from the neural crest, we have used the human neuroblastoma cell line SK-N-SH to analyze: 1) the presence and the binding characteristics of Gc receptors in these cells, 2) the effect of dexamethasone (Dex) on the migration of SK-N-SH cells, and 3) the effect of Dex on the organization of the cytoskeleton of SK-N-SH cells. We show that: 1) receptors that bind [ 3 H]-Dex with high affinity and high capacity (Kd of 9.6 nM, Bmax of 47 fmol/mg cytosolic protein, corresponding to 28,303 sites/cell) are present in cytosolic preparations of SK-N-SH cells, and 2) treatment with Dex (in the range of 10 nM to 1 µM) has an inhibitory effect (from 100% to 74 and 43%, respectively) on the chemotaxis of SK-N-SH cells elicited by fetal bovine serum. This inhibition is completely reversed by the Gc receptor antagonist RU486 (1 µM), and 3) as demonstrated by fluorescent phalloidin-actin detection, the effect of Dex (100 nM) on SK-N-SH cell migration is accompanied by modifications of the cytoskeleton organization that appear with stress fibers. These modifications did not take place in the presence of 1 µM RU486. The present data demonstrate for the first time that Dex affects the migration of neuroblastoma cells as well as their cytoskeleton organization by interacting with specific receptors. These findings provide new insights on the mechanism(s) of action of Gc on cells originating in the neural crest.
Introduction
Differentiation of the cells derived from the neural crest is strongly influenced by the endocrine environment (1) (2) (3) (4) (5) (6) (7) . The study of the influence of hormones on cell differentiation was facilitated after different cell lines were isolated from tumors derived from cells originating in the neural crest (neuroblastomas, pheochromocytomas).
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Neuroblastomas are neuroendocrine solid tumors of childhood that show undifferentiated cell phenotypes and a poor prognosis. Human neuroblastoma cell lines correspond to sympathoadrenal neuroblasts, arrested at different levels during embryogenesis (5, 8) . They retain the capacity to evolve to different kinds of cells according to the environmental signals. The differentiation of sympathoadrenal precursor cells may proceed towards either sympathetic neurons or chromaffin cells; these changes may be induced by several factors and hormones. Neuroblastoma cells have been consequently utilized as a model to analyze the effects of the endocrine milieu on the differentiation of sympathoadrenal cells (6, 7, 9, 10) .
Several studies suggest that glucocorticoids (Gc) have a potent effect inducing the differentiation of neural crest cells towards the chromaffin cell type of the adrenal medulla (7, (10) (11) (12) (13) (14) (15) . In addition, Gc influence a series of biochemical parameters of neuroblastoma cells that may further suggest a possible differentiation of these cells. Gc can potentiate tyrosine hydroxylase activity in mouse NBP2 neuroblastoma cells (16) (17) (18) (19) and induce the prostaglandin E1-mediated cyclic AMP formation in murine N1E-115 neuroblastoma cells (20, 21) . The expression of two markers of neuronal/neuroendocrine development, pG8 and pG2, was induced by the glucocorticoid agonist dexamethasone (Dex) in LA-N-5 neuroblastoma cells (22, 23) . Finally, Gc can induce cyclooxygenase-1 expression in NG108 and N2a neuroblastoma cells (24, 25) . It has also been reported that Dex induces a chromaffin phenotype, an increase in the cell content of chromogranin A, thyrosine hydroxylase and a decrease of secretogranin II and neurofilaments in a series of neuroblastoma cells. These effects are blocked by the Gc antagonist RU486 (11) .
No data are available on the motility of neuroblastoma cells under proper stimuli and on the possible effects of Gc on this cellular activity. New information on these issues could provide a useful tool for the evaluation of the invasive potential of neuroblastomas. One may hypothesize that changes of motility under the effect of Gc imply a rearrangement of cytoskeleton organization; indeed, reports have been published indicating that Gc affect the morphology and cytoskeleton organization of different cell types (8, 9) .
The effects of Gc on neuroblastoma cell lines imply that Gc receptors (GR) are present in neuroblastoma cells; one may conclude that cytoplasmic GR upon interaction with cell DNA bring about a series of genomic modifications leading to morphological and biochemical modifications as per the classical mechanism of action of Gc (for a review, see Ref. 26) which are involved in essential biological processes such as growth, development, metabolism, behavior, and apoptosis. Only one report has been published so far indicating, on the basis of Western blot analysis, that GR are present in several neuroblastoma cell lines (6) . No study has been devoted to the analysis of the binding characteristics of GR present in neuroblastoma cells. To obtain some insights on the binding characteristics of GR and on the effects of Gc on neuroblastoma cell migration and cytoskeleton organization, experiments have been performed with the use of the human neuroblastoma cell line SK-N-SH, a cell line isolated from a bone marrow metastasis of a 4-year-old girl, that has been frequently used in this kind of study since SK-N-SH cells mimic many of the properties of neural crest cells (10, 27) . SK-N-SH cells are composed of at least three kinds of phenotypically different cells, the neuroblastlike cells (85% of the total), the cells expressing some features of the glial and epithelial cells (5% of the whole population), or chromaffin cells, and the cells expressing an intermediate phenotype between neuroblastand epithelial-like cells (10% of the total) that still retain the capacity to transdifferen-tiate under proper stimuli (7, 10, 14, (27) (28) (29) .
The experiments reported here have been performed with the use of Dex, the prototypic synthetic Gc, and analyzed: 1) the presence and the binding characteristics of GR in SK-N-SH cells, 2) the effect of Dex on the migratory activity of SK-N-SH cells, and 3) whether changes in motility are accompanied by some structural and morphological modification of the cells under investigation, as evaluated by the morphological analysis of cytoskeleton organization and cell shape.
Material and Methods

Cell cultures
SK-N-SH cells, obtained from the American Type Culture Collection (Rockville, MD, USA), were routinely grown in DMEM (Biochrom KG, Berlin, Germany) supplemented with 10% fetal bovine serum (FBS, Gibco, Paisley, Scotland, UK), glutamine (1 mM), and antibiotics (100 units/mL penicillin G sodium, 100 mg/mL streptomycin sulfate) in a humidified atmosphere of 5% CO 2 :95% air at 37ºC. Dex and RU486, obtained from Sigma (Milan, Italy), were dissolved in ethanol. The final concentration of ethanol in the culture medium did not exceed 0.01%.
Binding studies
Cells plated onto 10% charcoal-stripped FBS (CS-FBS)/DMEM culture medium were collected and homogenized in TEDG buffer (10 mM Tris-HCl, pH 7.5, 1 mM EDTA, 2 mM dithiothreitol, 10% glycerol, 5 µg/mL antipain and leupeptin) and centrifuged at 110,000 g to obtain the cytosolic fraction. Protein concentration was measured by the method of Bradford (30) . The binding assay was performed using [ 3 H]-Dex (S.A.: 82.0 mCi/µmol; Amersham Biosciences, Buckinghamshire, UK) as specific GR ligand in the presence of increasing concentrations (5 x 100 nM to 5 x 10 µM) of Dex. Incubation was carried out at 4ºC and the unbound (1) Dex was removed by absorption with dextran-coated charcoal (0.5% Norit A, 0.05% dextran, 10 mM Tris, and 1 mM EDTA, pH 7.5). The radioactivity of [ 3 H]-Dex bound to GR was measured in a counter for ß emitters (Tri Carb 1600 CA, Liquid Scintillation Analyzer, Packard, Milano, Italy). The binding parameters (Kd, dissociation constant; Bmax, maximal binding capacity) for GR were obtained from the analysis of homologous competition curves using the LIGAND computer program (10) .
Microchemotaxis assay
Subconfluent SK-N-SH cells, plated onto 10% CS-FBS/DMEM culture medium, were treated with graded doses (0.1 nM to 1 µM) of Dex every other day for 6 days. To test the specificity of the effect of Dex, SK-N-SH cells were treated every other day for 6 days with either Dex alone (100 nM) or with Dex in the presence of the GR antagonist RU486 (1 µM). The results were compared with those obtained in cells treated only with ethanol (0.01%) that was used as the vehicle for the steroids under study.
The microchemotaxis assay was performed as described by Maggi et al. (21) . Briefly, cell migration tests were performed using a 48-well Boyden chamber (Neuroprobe, Cabin John, MD, USA) having a lower and an upper compartment. A polycarbonate filter of 8-µm pore size was coated with gelatin and positioned between the two compartments; the lower compartment was loaded with FBS as the chemotactic agent. The cell suspensions (100,000 cells/50 µL) were placed in the upper compartment and incubated for 4 h at 37ºC. Then, the membrane was scraped-off and the cells adherent to the lower surface were stained with Diffquik (Biomap, Como, Italy) and counted by light microscopy at 1000X magnifications. Six random objective fields of stained cells were counted for each well and the mean number of migrating cells/mm 2 was calculated. Each sample was studied in 12 replicates and each experiment was repeated three times. Data were analyzed statistically by one-way analysis of variance followed by the Dunnett test (23) . Data are reported as means ± SEM.
Fluorescent phalloidin-actin detection
Subconfluent SK-N-SH cells, plated onto 10% CS-FBS/DMEM culture medium, were treated every other day for 6 days with either Dex alone (100 nM) or with Dex in the presence of the GR antagonist RU486 (1 µM). The organization of the cytoskeleton of SK-N-SH cells was analyzed by the use of phalloidin. Briefly, after the treatments, SK-N-SH cells were plated onto 24-multiwell plates on 10-mm poly-L-lysine coated glasses (100 cells/well in 500 µL DMEM medium with 10% FBS). Cells were fixed in 4% paraformaldehyde and the cell membranes were permeabilized with 0.1% Triton X-100, incubated with FITC-labeled phalloidin (0.2 µg/mL, Sigma, St. Louis, MO, USA) at 37ºC for 10 min and observed under a Zeiss Axiovert microscope. The data obtained were compared to those derived from cells treated with ethanol (0.01%) that served as controls.
Results
The first series of experiments was addressed to detect the presence of GR in SK- In a second series of experiments, we tested the specificity of the effect of Dex on the motility of SK-N-SH cells. The presence of the GR antagonist RU486 (1 µM) that per se did not have any effect on cell motility totally abolished the inhibitory effect of Dex (100 nM) on the chemomigration of SK-N-SH cells (Figure 2, panel B) .
Based on these results, the Dex dose of 100 nM was used in the subsequent test, since it was found to be the lowest dose able to affect the chemomigration of SK-N-SH cells
In Dex-treated cells a rearrangement of the actin cytoskeleton was observed. Figure  3 shows that in control cells (panel A) Factin was poorly organized, dispersed throughout the cells and more concentrated at the level of membrane ruffles and lamellipodia (arrowheads). After Dex addition, F-actin appeared to be organized in a clear stress fiber network (panel B). The addition of the GR antagonist RU486 alone (1 µM) to SK-N-SH cells had no effect on the organization of the cytoskeleton (panel C), which maintained ruffles and lamellipodia, but counteracted the effect of Dex (panel D). It seems interesting to note that three days after the removal of Dex, cells still exhibited the features reported in panel B. This suggests that a rather sustained effect was induced by the presence of the drug. Dex and RU486 had an effect also on the morphology of the cells: under Dex treatment neurite-like processes were disappearing and the cells expressed a round flattened shape resembling the aspect of chromaffin epithelial-like cells (panel B). After the addition of RU486 at a dose 10-fold higher than Dex, the cells became starlike and flatter than control cells (panel C).
Discussion
The binding experiments performed on SK-N-SH cell cytosolic preparations show that these cells express a single class of high affinity and high capacity Dex receptors. The binding characteristics recorded are consistent with those reported for GR in cytosolic preparations of brain cells (25, 31) and leukocytes (32) .
To the authors' knowledge, this is the first report describing the binding characteristics of Dex in a neuroblastoma cell line. This finding confirms and extends previous observations by Glick et al. (6) who demonstrated the presence of GR by Western blot Figure 2 . A, Effect of dexamethasone (Dex) (0.1 nM to 1 µM) on the chemotactic response of SK-N-SH cells to fetal bovine serum. The experiments were performed using the Boyden chamber assay and the treatment was for 6 days. B, Effect of a 6-day treatment with Dex (100 nM) and RU486 (1 µM) added separately or in combination on the chemotactic response of SK-N-SH cells to fetal bovine serum. C = control cells treated with the vehicle only, 0.01% ethanol. *P < 0.05 vs control (Dunnett test). The finding that Dex exerts an inhibitory effect on the migratory capacity of SK-N-SH cells agrees with previous reports suggesting that glucocorticoids basically reduce the invasive capability of a variety of tumor cells. For example, it has been reported that Dex decreases the migration rate induced by EGF on HSC-2 cells derived from a buccal mucosa squamous cell carcinoma (27) and that Gc reduce the motility of eosinophils in nasal polyps (28) . These in vitro experiments are reminiscent of in vivo studies demonstrating that Gc exert an inhibitory effect on the migration of neuronal cells during fetal life in mammals (29, 33, 34) . In view of these findings, one may hypothesize that Gc utilized to keep under control a variety of brain tumors (35) exert their effects not only by reducing brain edema and cell proliferation but also by acting on the migratory capacity of tumor cells. This hypothesis is further supported by preliminary results obtained in this laboratory showing that Dex reduces the capability of SK-N-SH cells to migrate into a tridimensional gel matrix in response to FBS (data not shown). This view seems to be further supported by the recent paper by Gut et al. (36) . These investigators have reported that in mice deficient for the nuclear orphan receptor steroidogenic factor 1 and lacking adrenal cortical cells and gonads the "adrenal" region exhibits the presence of sympathoadrenal cell precursors as early as on day 12.5 of embryonic life. This may mean that the absence of glucocorticoids favors the migration and/or colonization of sympathoadrenal precursors in the adrenal anlage.
In addition to the inhibitory effect on cell migration, Dex also induced a rearrangement of the cytoskeleton of SK-N-SH cells; similarly Romero et al. (9) have reported that Dex treatment induces changes in the cytoskeleton of cultured rat brain endothelial cells. This effect of Dex has been confirmed by in vivo studies showing that prenatal exposure to Gc brings about modifications of the cell cytoskeleton in the fetal baboon brain (8) . Since the cytoskeleton provides "a structural framework around which cell shape and polarity are defined" (37) it is tempting to conclude that changes in the cytoskeleton organization are involved in the modification of the cell migration induced by Dex. On the other hand, it has been reported that Gc induce morphological changes of neuroblastoma cells (6, 7, 14) . The results reported here showing that Dex treatment brings about a transdifferentiation of SK-N-SH cells that shift from the neurallike to the epithelial-like phenotype seem to confirm these findings. The effect induced was rather sustained, since it was still present three days after the removal of Dex. This might mean that a genomic effect was taking place leading to a permanent rearrangement of actin that could be at the basis of the migration blockade. These results seem to confirm those of Ross et al. (11) who also reported that under Dex treatment neuroblastoma cells were assuming a chromaffinlike aspect. Even though we did not analyze whether these cells were also exhibiting some biochemical features of epithelial-like cells their general aspect could lead to this conclusion, in agreement with several in vitro and in vivo results suggesting that Gc may induce a transdifferentiation of neuroblastoma cells towards a chromaffin, epitheliallike phenotype (7, 10, (12) (13) (14) (15) . The results reported here indicate that RU486, while counteracting the effect of Dex on chemomigration, induced a modification of the morphology of the cells. This suggests that the Gc antagonist may have specific actions on the morphology of SK-N-SH cells, possibly act-Dexamethasone blocks SK-N-SH cell migration ing through one of the GR isoforms now evidenced in Gc target tissues (26) , that could explain the partial agonistic activity displayed by RU486 on some occasions. It may be concluded that Gc may affect the morphology and motility of neuroblastoma cells through modifications of the cytoskeleton organization. Even if our results do not provide a clear cut demonstration of a direct effect of Gc on actin remodeling, several literature data suggest this possibility: it has been reported that Dex stimulates a rapid polymerization of actin and stabilization of microfilaments in human endometrial adenocarcinoma cells (38) , that Gc may modify F-actin distribution in a number of cell types (38, 39) and that Dex induces morphological differentiation and actin reorganization of human trabecular meshwork tissue after 10-14 days of treatment (40) . It may be concluded that Gc may affect the morphology and the motility of neuroblastoma cells through modifications of their cytoskeleton.
